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Kinetics of Hydl-olysis of 
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Mfmltsel'i/'I l'Cf:ci1;cd (j f)ccr.m"n J 970.; wa/dl'" jor 
1,,,fJtiwlioll 15 lJcccIII"n J'I71 
Wc conclude (1'0111 our results that: (i) TIle rate 
1:<lllst;lJlt increases with increasill'~ /df :Inri afkr 
reaching a /d-f c.l(lsc t.o ille /Jj{. of tIll! nWII(};)cid, 
1.lwre ·is only a small illcr,~as(~ in ra.te witlr I,ll 
(Tahle 1). This shows the intramolecular participa-
tioll of tire ionized carboxylate iOIl. All the esters 
give silllilar jJI-I-rate profiles which indicate tliat tire 
III.cchanisll1 of JJydrolysis is tIle same in all the cases, 
revealing a polar tr<lnsitioll ~;tate2,3. 
HydJ'olysis of fI-, 111- alld p-toly! hyd"ol!Cnsucclnalcs 
is inllcJlcncJcnt of the type of fH,hslmlcs (AB from 
J7·75 to 17·(J.'\ kenl molc·'). Similar I,ll-rille prollles 
/rulkll'.!! II NlllIllllr meehlllllRIIl ()jlCrlllln~ In IlIi IhcRI\ 
CS'I!I'N, HIIllgcHllng II !wlllr IrltllAlllon lilall!. 'I'll(' dIce! 
(If IlIclllyl substltucnt Is reneeled III dllTel'cnl entroplcs 
flf acllvallon. The order of rc·nel.lvll'lcR IN II' -cllfl": 
;,; IJ-t.sler .:- o-I'/ller. 
FAST -®r0H CHrCOOH 
'-
CH 3 . + I 
. CHrCOOH WE have studied the kinetics of Jlydrolysis of 0-, 
m- and IJ-tolyl hyclrogensllccinatcs .in aqueolls 
meclillln. The esters were preparcd as described in 
literature l . The PH measurements of solutions 
,<':iioxan-water mixtures in view of poor solubility 
ill water) were Inade in Leeds & NOl'l.Ilrup j)11 
Illeter and the kin.cties was followcd spectwplr(}to-
IIlctrically IIV fqJlowing the rate II/ forrrw.1 ion of 
In lire alkaline region, the rate of Irydl'ol\'sis of 
these esters are verylligh Wllich is due to the inter-
Inob:ular attack of the lIucleopllile, OH-, IIIl tire 
(:slc!r carbonyl and IleJlce could not be followed. 
(ii) The ellergy of actil'aiion is found to he more 
(II' less same ill all t.lle Gl.ses (,· .. d8 kcal/nwle) which cresuls. . 
All tile I;xpCrillH!lIts were c;lrrie(1 "lit at 35° ± (J. j'°C 
alld .[;. ()'SM (I<CI) and with lJuff(!rs of disodilllll-
Ilydrlln'!11 IIr"lopllospl,ate :llId I·itri.· HI·id. T" a 
:;I."lIt;oll I)f t111~ IJllffel' (ZOO IItI) tll(! (~:,It;r solllti()IJ 
(l 1111) Was added. Aliquots (lO ml) of the reaction 
mixture wert! .remover! at 5-10 mill illterv;·i1s and 
qll(~ncl/(!rl in lJottll!s c'JIllailling Ilydrnchlorir; acid 
(()'2N, 10 lid). Thf! al,sorh:I.IJC:'! of '/iIH!ral<!d. cresols 
(I)t) ill tlrese soluLiolls \\':.IS IIW;ISIII'<:d against. O.2N 
Hel blank at 275, 2,1l0 ;!lld 27Y IlITI for fl,t! 0-, lIt-
and I'-err-sols rt!spccti l'e1y wlll!J'(! 1.1 II! plrenyl .:stcrs· 
h:ll'(! Iwgligible ah<;orh:!lIC!!. TIll' ildinil(: n::J.flillg 
(/J.",) was t akcll affl!r [ell li;df-liv,':,. 'rlll! PSI:Ili111 11'i'~'t I)rder ratl! I'IlIlstan(s (Tabll! I) WCn! (.~JI<lilled 
from t11(~ slopes of plots of (n", --·/JI) vcrsllS I illJ.(!. 
T,\II/.E I -... ILng::; 01' J I\·/l/Wl.YCiIS (lI' S(j~1I:: 
PIIEN\'l, l!YIHWGENSUCCIN.\TES 
PH II, sec'" 
o-Ester III-E~f.cr I', I.·:sl:<~r 
3 2·92 xl o-n 9·45 X 10'5 /j·52>:Jo-" 4 9·45 x lo-n 7·08 X 10 1 7'00 x 10-' 5 2'43 x 10-' l'68xl0-' J'73 X 10-' 6 
·2·95 X 10-' 3'05 X 10-3 2·12% 10-' 7 3'30 xl 0-' 2·1l2 X 10"3 
.illdiclt(!s t1i;lt the reactioll is illdepcwJ.cnt of the 
type of sllbstrates. Hence tile slJbstitllent effect of 
tIle Ill,ethyl group IJIJ tlle rate is reflected by f.II(' 
li',.a/{llil lilIes of r::lllro,)if~:i Ilf ac:lival i1lJl 1 ; Inrg(: ;)1111 
IJcgafiv(! 6.st sIIggestilig a t:ydic tramdfi!!11 :,I;III! :1:' 
observed by otller workers!!",. A cOllll'arislI11 of 1 hI' 
I:'St al1d A values of th.! t.hree I!slcrs inrlic;d cs (/1:11 
till! ort/w-ester Ir;ls slighUy Iliglrer IlCg;rI'iw: ~\.\i 
v;iluc aile! a sligllf.ly IOWI!!' frelJllency factor probably 
dlle til a Itigller steric hindrallce in Ulis case. 
(iii) The order "of rC;lctivitics of tile esters is 
11I."(!St N ~ j;-ester > f)-ester. TII!!lJgll ot her ,.ded roll 
I'\·II!;I-;; 11/: .'ild lsI i 1III:Id s Ii "J:()C! I!!, ·01" d I.:., 
illc:n';Jsl! till! rate (,f Ilydrolysis I,), I'artil'ip;dillg" 
(hiflJll':liollall·at:llr:,i:') i,i fill! n';,..,i"ll II'lwll flwy 
""1' ,,1;1I·1·r! ill the fir/III} IlI,>:;ili"'I, 11,(: 111.ethyl grolq' 
1fI.;I~' If(,t II;J.vI! slidl df'!I:!.: 1:lIt t Iii' IJIl:t1I\'1 !~r"II/' 
in f hi! or/I/.() pflsiti';n II:ls";';' '1/\1"'1' 1';11,1' ('('illp;lr('cI til 
111.t:la- and f}(!ra .. c~II:~rs whicll lIlay 1)(' allril,"lcd lIot 
only' to· the -inducti\'e effed hilt <llsl} til tIll! IIr'lI-
participation of the methyl grl)up ill tire reactioll. 
(iv) Tn dioxane-wah?r mixture, the rate I'Illlst:I.llh 
were' fOJlnd to decrease as t lie pcr,;cllt;q::c 1)1' dillXalll! 
int:rcas(>'s, indicating <J pobr tr<lnSili'l1l ~(;'Ic. 
(v) Increase of i'onic strength, c1I<1l1g" ,d' ;ellil)11 
which is added to maintain tile ionic strellgth iJnd 
clrange of buffer have no effect on tI,e ratc. Varia-
tion in [buffer] has no effect ('11 the rate i,lrlicating 
tire absence of general hasc: I';ltal~!sis. 
The rate cOllstants calculated by 'Ilie mr:U)()(! of 
least sljuare~. are accurate to :t 0·02. ~rJlf! rate 
P:'lr,;'lnwlers evaluated (or 0-, Itt- alld /;-rs(ers n!sIJt!C-
tivcly were: energy of activation (tiE, hal/mole) 
17'75, 17·97. and 17'93; entropy of activation (tiSf, 
c.lI.) --19'4, ·-14,84 and -14'80 and frequency 
factor (A, sec-I) 3'707 X 108, 3·(1i1 X 109 and 3.740 
X 10°. 
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Kinetics of oxidation of water and pinacol by peroxy-
diphosphate ill aqueous sulphuric IIcid medium in the 
temperature rilll~e 2S-70"C nt conslun( pI'.1 (0 .. ' SInd 
O.5M) mill Ionic strength (l JiS and 0·85M) have been 
Investigated. Kinetic" parameters. ~E. A and ~Sl. 
have heen evaluated. The rate laws' have been derived 
, .. 
. and suitable mechnl}lsms proposed .. 
_r _~ 
STU1HESinvolving pcroxydipltospllates arc very few ill literature.' Edwards and coworkcrsH 
illv,;,;1 i!;al'~r1 tilt! photochemical oxidatioll of water, 
dl,allol, propan-2-o1 and somc mclal complexes 
hy peroxydiphosphale. Polymerization of vinyl 
III IllOIl1CrS initialed by peroxydiphosphate has also 
1J'!t'll reporled"'. TIl<! minimum o"idat ion potential 
of pc['oxydiphospltate is 2'OT\' while thal of peroxy-
disulphal" is 2·01 V. This indicates that the former 
should be slightly a stronger oxidizing agent than 
the lat ter. It has been suggested t.hat the oxidation 
by lite diphosphate is kinetically inhibited*. We 
have carried out the oxidation of wakr and pinacol 
and lhe results of Ithe preliminary study are 
presenleu here. 
K4 l\OB (FMC Corporation, USA) was (J7°/o pure 
aft,",Y, nx:rv,;tallil,aliol1 (rom mdhanol. Thr: fm'lIwl' 
was converled i nlo U 4 l\Os' 41-120 hy till! Illet horl 
. dlln In Chulski" and rccrystalli7.ed from 1Ild: I tan() I 
to give 99,[ (Yo pure substance. Pinacol awl other 
cli.clIlicals were of AnalaR grade and wa!'t:r used 
was doubly distilled and deionized over Biodemin-
rolit (Permnlit, UK) mixed-bed ion-exchange resin. 
Experiments were conducted in long pyrex tubes 
(6" xl W) uncler thermost.atic conditions. Tempera-
llln: was maintained to an accuracy of ± 0·1 °e. 
NaCI01 , NaN03 and NaHS04 were l~sedto adjust 
111.1: ionic strength for the corresponding acid 
11l1:(\i 11 111. After adjusling [T-[+] and ionic strength, 
till! rr;adaills (toUtl vol. to ml) in Iltt: llll)!: wen: 
1 "<:rIll"..;I;!! nl Ilsl/all" for 1 5-20 mill. Th(~ killdic~ 
were followed by esti'inatin~ tlte ratc~ of disappearance 
of peroxydiplu;splw.te. -i<pp. by aduing a kllo~\'l1 
r:xcess of standetrd Fe2+ (ill 111{ H ZS(1) to tlte reactlOll 
mix{iirc and est.imating tlte nnused FeN hy o!ri-
mel ry using ferroin indicator. . 
Water o:ridation. __ With 2% aq. polasS11l1ll per-
oxydiphosphate (1)1-I ........ 9·6). no wat~r oxidation could 
_._----- ' 
• Tullll irnl .1,,1(1. 1)1/ polnssium prrl)/lc<s/)"(llr, F:'I-fC Corpora-
tioll (USA) paJlll'hld, Jl:1gc 4. 
be dctcctetl in the temperature range 30-70°C, 
However, in acid meuia (H2S04 conc.= (J'l-HDI) 
significant oxidalioll vf water W.l<; oLservcd in the 
temperature range 25-55°C. PSelld?-first orderplols 
were linear only up toyl'o conve~'slOn ~)f ~~p~-, till: 
t!cvialion from lincal'll)' Lecoll11l1g slglllllcalit. f .. r 
conversions > (j(%. 1\4['206 was takl:11 ill '1111: 
concentration ran/{<! 5"30 X 1O-!lM, and 1.1 I. "j \\",.; 
varied between 0·2 and 1M. Ionic strellglll \\,;l'; 
maintained at· 1·2M. Following significant resulls 
emanate from this study: 
(i) At constant [IF] (O'4M) and ionic strength, 
It = 1·2,11, the llisappearance of P20~- obe)'l'd lh.!!,:. 
rate law -l~pl' = 1':II'(l\O~-][l.pJ. From 1I1l~. "1·>c1I.'v 
values obtained for differcl1t [ll+], Il", was evaluated. 
Values of kcoXlO" (M-I sec-I) arc: 1·41, 2'5,3·99, 
7.62, 13'08 at 25°, 30°, 35°, 45° and 55°C respectively, 
At 30°C. I~w was also obtained from a plot of -Rrr 
versus [H+] and found to be 2·4 X lO-~M-l sec-I. 
(ii) It waS suspected that tllC reaction prod1lCl, llPO~-; . inhibited ·furtl,cr decomposiliol~ of IJzO~-. 
This W;l" conflnned fwm lhe retardatIOn of rale 
by initially added Na2HP0 1• • . '. . (iii) -From tlte experiments III .varlous aCI~t media, 
it was observed that the relative -Rpr lJ1creased 
in t.he· order H2S0~<HNO:I<HCIO'I' inclicalin~: 
tli:lt the activity of P20~- parallels .the strengtl~s (![ 
the acids. IiI all these cases. lllcrease of lOnlC 
strength (O'95-2'40M in HiSO,,) increased the rate 
(1.38-2.25XlO-1l\1 sec-I). 
(iv) Kinetic measurements using K 4l'20s .01' 
Li4 PzOS.4H20 in the presence or absence of diS-
solved oxygen in the system showed that fhe -tyw~ 
of cat ion or the presence or'absence o( oxygen (lit! 
lIi)1 affect the rates. Similarly, light had no effect 
01\ t I,,: rat.e o( decompositioll of V20~-. . . 
(v) Acrylonitrile mon01l1er added to the react~on 
sysl em was polymerized indicating the formatIOn 
o-f fl'!~(! radicals as intcnnedialcs. 
(vi) The kinetic parameters are r::.E = 14'33 ± 0,8 
kcal/mole, A = (5·06 ± 0·25) xl 06111"1 sec-~ and .r::.St 
(298.20 K)=-34'70 e.tt./mole. The followlIlg mech~­
nis1ll is proposed as the most probable. one III accordanc(~ with the expNimcntal observatlollS and 
till! rat.(~ law: 
I') O'--I-H+ -.':'--~HPO -:..Lp02-. • •• ( I) 2 H ~IQ\\' ., I 1\ PO'~-'+H20--»-HPO'l--1-0H' ... (2) 
HI'01-: .. j-lf.20-,H2P(),j-\-OH' ... (3) OH'+llP04'-->-HzPO~~+~02 ... (4) 
OH"'I-pm-'-~lIP01-+~0~ ... (5) 
Pilillcol oxidation - The oxidation of pinaeol 
by Li 1I\Os.4H20' was carried out in.sLl~phl1ric acid 
I1ll'dillll1 (0'1-0'5M) at conslant IOnIC strength 
(O'85M,) ill the temperatllre range 40-70"C. Pin;tcol 
was tak(~n in large t~xcess (3-1 H ;.< IO-2M) CfHnparl'rl 
to L'l)~- (5-30Xl0-~M). TILt.: signilicallt re~l1lts 
can be snmmarized as follows: 
1 
J 
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(i) At constant lIP) (O'SM) and I" (1)'85M), ihe 
disappearance of peroxydiph'Jsphatc I)hl~ye~l thl: 
rate law 
-Rpp = kw[P:P~-][H+]+/'tJ[P20:-]t [Pin.] 
+k,.[P20 :-]! [Pin.][R'J 
(ii) Ionic strength, initially added NazHP04 , 
tIle prescncc or absence of oxygen and light had 
samc cffect as in the oxidation of water. 
(iii) The relative rates of oxidation in various 
acid mcdia incrcased in thc order H2S04<HN03 
<HCI04 just ac;in the oxidation of water. (iv) Thc prescnce of· frec radical inicfIncdiates 
was provc(l by polymcrization (lr acrylnl1ilril(~ 
monomer added to the reaction syst elll. 
(v) By 'varying [Pin.] al constant [HI) and I" 
for different [P20~-], appropi'j;\le plots were liHH.\c· 
ami water oxidation ratc COJlstant, h,,; aud' COIll-
bined values' o{ (Il .. +!lb[H+]) , .. 'ere obtained. 'I';" ~= 
2'810xl.Q-G~{-1 "sec-l at 60"C; '(I~/I+kl)[H+]) xl(Jfo 
(M-l/2 sec-l) at 400, 50°, '60° and 70"C were 5·77, 
9'S4, IS·61 and 33'30 respectively. Similarly, b" 
varying [H+] at constant [P20:-] (1·492 X 10-2M} 
and (I. ·(0·S5M) (or different [Pin.), frol11 the appro-
jlriate plots Ila, kb and k,P WI:1"<1 cv:th\at.~(1. The 
k., ,\~!, and Ilu, values ill 60"C arc 11'57 X I O-nM'1 !l(~C-l. 
14,26 X 1O-GM-3/2 sec-} and ·2·77 xl O-IM-l sec-! respec-
t iv(;\y. In the determination of kinetic p;trat11cl(~r~, 
(1.-,,-1-/.'/,[11 ~]) values ul differcnt telllperalllre!l mel1-
tioned earlier were used .. 6.E, A and 6.St (313'2°K) 
values obtained are 12'S9±0'34 keal/mole, (3'3()± 
0'06) x103Jl[-1/Z SI!C-1 and -44'4 e.n./mole respective-
ly. Acetone wao; identilic!l as the pn)(ll1ct:. . From 
'Ii " 
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our experimental results and the rate law, we 
propose lhe following mechanism: 
p.O~-+H' -~)o Ill'O.·+po~-· ... (i) 
1',0:- :.~ 21'0:-' ... (ii) 
I I k I I 1'(J~ '-\- -C--C- .... "-> -C--c-+lIPoi- ... (ili) 
I I I I 
UHOH V Ull 
I I k I I 
HPO,'-\--C-C- ._.L> -C-C-+H1'O:--I-]I+ ... (i,·) (L bH ~) 6u 
I I -C-C-+l'aO~' ---> a(ctolll! 
\ \ 
~) on 
While considering the above mechanism for the: 
oxidation or pinfLcol, it is .~ssclltial lhal ., I)l' oxi-
dation of water illVolving st~ep!> (1)-(5), 11I1'lllilllle<l 
earliel, should be taken into account. HI)\\'(:\"(~r, 
t.he oxidat ion of water in the ab!\encc of I'inacol 
(,......15%) i~ con~idera.bly reduced (r .... IO%) ill the 
presence of the latter. . 
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